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(54) Method of and apparatus for molding with multiple temperature adjusting channels 



(57) In a method of and an apparatus for molding a 
plastic, a molten material is supplied through the injec- 
tion nozzle (9), the sprue channel (10) and the gate into 
the cavity (15) formed by the two halves of mirror (3a 
and 3b) and the stamper (5) and the outer mirror ring 
(7). Each mirror is provided with a plurality of separate 
temperature adjusting channels (16a, 16b, 16c, 17a, 
17b and 17c) in which temperature adjusting medium 
like water or gas flows. The outer mirror ring (7) is pro- 
vided with additional temperature adjusting member 
such as an electrical heater (19). The temperature 
adjusting medium have such temperature distribution or 
profile that the temperature of the medium 1 lowing the 
temperature adjusting channel (16a) in the outer radius 
is higher than the temperature of the medium flowing 
the temperature adjusting channel (16b and 16c) in the 
one half of the mold and the temperature of the medium 
flowing the temperature adjusting channel (17 a) in the 
outer radius is lower than the temperature of the 
medium flowing the temperature adjusting channel (1 7b 
and 17c) and the temperature of the electric heater (19) 
is higher than the temperature of the medium flowing 
the temperature adjusting channel (1 7a) in the outer 
radius. 
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Description 

The invention relates to method of and apparatus 
for molding, and more specifically to method of and 
apparatus for molding with multiple temperature adjust- 
ing channels to enable production more efficiently. 

In a process of producing plastics, hot molten raw 
material is injected through an injection nozzle and a 
sprue channel or extension gate and/or a runner chan- 
nel into the cavity formed by the closed mold. After the 
molded plastics is cooled down, the mold is opened and 
the molded plastics is removed or unloaded from the 
mold. 

In general, such molded plastics is apt to have out- 
ward defects such as a weld line and/or shrink near the 
gate. Also distortion may be caused within the molded 
plastics because of injection pressure, lack of tempera- 
ture distribution uniformity, and molecules orientations 
caused while the molten material llows in the cavity. 

In case of production of substrate of optical disc, 
the quality of an optical disc is defined by the geometri- 
cal dimensions as well as its optical characteristics such 
as refraction index or birefringence. One of the geomet- 
rical dimensions is determined by the quality of the 
inverse replication of the stamper and which has the 
order of about 100nm. The optical quality is mainly 
determined by prevailing orientations of the molecules 
of the injected material and by the stress frozen in the 
molded material. 

In order to achieve good quality in geometric 
dimensions and optical characteristics of the optical 
disc, therefore, it is necessary to inject the material with 
a temperature at which the material is plastidzed as 
enough as possible and not to inject the material below 
about 300°C. On the other hand, it is necessary to cool 
dawn the material below its glass temperature (below 
140°C) to avoid deformation during unload from the 
mold. The time period from when the molten material is 
injected to when the molded substrate can be removed 
is defined as the cooling time. In order to reduce the 
cooling time, it is necessary to increase the cooling rate. 

In general, however, the faster the material is 
cooled dawn (the cooling rate), the more prevailing ori- 
entations and stress caused during the injection are fro- 
zen in the molded material. 

As conventional mold has an equal temperature 
distribution along the geometry, the injected molten 
material is earlier cooled down in the outer radius of the 
cavity than near the gate so that a temperature differ- 
ence is caused between the outer radius of the cavity 
and near the gate. If the cooling rate is very high, the 
temperature of the injected material decreases with this 
temperature gradient and this leads the molded optica! 
disc to an inhomogenious distribution of the frozen pre- 
vailing orientations and the remaining stress from the 
inner to the outer in the direction of radius of the disc. 

It is also known to heat the cavity over the melting 
point of the injected material before and during injection 



and then cooling the cavity after injection. However, in 
the case of injection molding, the production cycle time 
is mainly determined by the cooling time which is about 
50% of the production cycle time. Therefore, this known 

5 process makes the production cycle time longer, 
because it is not possible to switch from heating to cool- 
ing within a few seconds. 

According to the invention, this problem is solved by 
a method or apparatus in that the molding is done with 

io a defined temperature profile of the mold along the 
material flow within the cavity. This allows to reduce the 
cooling time during the injection molding process with 
the consequence of shorter production cycle times with- 
out deteriorating the quality of the molded products. 

15 The invention will now be described by way of 
examples and with reference to the accompanying 
drawings in which: 

Fig. 1 is a schematic drawing showing a sectional 
20 view of a part of an injection molding machine in 
accordance with the invention. 

Figs. 2 is a schematic drawing showing a sectional 
view of the mirror of the injection molding machine 
25 shown in Fig. 1 . 

Referring to Figs. 1 and 2, an embodiment of the 
injection molding machine 1 in accordance with the 
invention is explained. In this embodiment, the injection 

30 molding machine 1 is designed for production of plastic 
substrates of optical discs such as compact discs. 

The injection molding machine 1 includes the sta- 
tionary die plate 2a on the right side and the movable 
die plate 2b on the left side. The stationary die plate 2a 

35 is attached with the stationary minor 3a and the spacer 
4a. The stamper 5 is mounted on the stationary mirror 
3a by means of the stamper ring 6 attached on the 
spacer 4a. The movable die plate 2b is attached with the 
movable mirror 3b which is also called as a mirror 

40 stamper and the spacer 4b. The spacer 4b is attached 
with the outer mirror ring 7 by which the diameter of the 
substrate to be molded is defined. 

The stationary die plate 2a is further provided with 
the sprue bush 8 in which the nozzle 9, the sprue chan- 

45 nel 10 and the cooling channel 1 1 are formed. The mov- 
able die plate 2b is further provided with the center bush 
12 in which the bunch 13 and the cooling channel 14 is 
contained. The sprue bush 8 and the center bush 12 
takes place at the center of the mirrors 3a and 3b due to 

so the rotational symmetry of the substrate. Fig. 1 shows 
only upper half of the molds. 

At the beginning of every injection cycle, the mova- 
ble die plate 2b is moved toward the stationary die plate 
2a so that the two mirrors 3a and 3b are closed together 

55 with the outer mirror ring 7 to form a cavity 15 corre- 
sponding the shape of the substrate. 

The molten and plasticized material is injected into 
the cavity 15 through the nozzle 9, the sprue channel 1 0 
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and the gate provided between the sprue channel 10 
and the cavity 15. Trie injected material flows toward the 
outer radius of the cavity 15 along the mirror stamper 3b 
and the stamper 5 from which the data information are 
replicated on the substrate. 

During the production, water of 20 to 30°C flows 
through the channel 1 1 in the sprue channel region and 
through the channel 14 in the bunch region. 

In this embodiment, the separate, for example 
three, independent channels 16a, 16b, and 16c are pro- 
vided to the stationary mirror 3a. Similarly, the separate, 
for example three, independent channels 17a, 17b, and 
17c are provided to the movable mirror 3b. The course 
of the channels 16a, 16b, and 16c as well as the chan- 
nels 1 7a, 1 7b, and 1 7c are formed for example concen- 
tric circles respectively as shown in Fig. 2. These 
channels 16a, 16b, 16c, 17a, 17b and 17c are supplied 
with medium like a fluid such as water or gas of different 
temperatures flowing therethrough. 

The temperature conditions of the fluid supplied 
through the channels 16a, 16b, and 16c as well as the 
channels 17a t 17b ( and 17c are adjusted so that the 
cooling time can be minimized. The temperature profile 
of the fluid are, for example, 85°C, 80°C and 80°C in the 
channels 16a, 16b, and 16c, respectively and 50°C, 
80°C and 80°C, in the channels 17a, 17b, and 17 c, 
respectively. The above temperatures of the fluid are 
measured near the channels 16a, 16b, 16c, 17a, 17b, 
and 1 7c, respectively. 

Furthermore, the outer mirror ring 7 is provided with 
a groove 18 where an electric ring heater 19 is provided 
to maintain the outer region of the substrate at 80°C, for 
instance. This groove 18 can be replaced with a channel 
through which a medium like heated water flows. 

After the molded substrate is cooled down, the 
mold is opened and the molded substrate is removed 
from the movable mirror 3b. 

According to the above described temperature pro- 
file, the cooling time can be reduced from 7 seconds to 
5 seconds, for example. The above temperature profile 
can be modified according to the other conditions of the 
production. 

The invention can be applied to production of opti- 
cal components such as optical lens. However, it is also 
possible to apply this invention to any other types of 
molding machines or methods, or any other products 
than the above embodiment. 

The shape of each channel 17a to 17c and 17a to 
1 7c is not limited to the concentric circle and also possi- 
ble to be concentric square or any other form. 

Claims 

1 . A method of molding a plastic comprising steps of: 
closing the mold (3a, 3b, 5, and 7) to form a cavity 
(15); injecting molten material into the cavity (15); 
cooling the injected material; opening the mold; 
removing the molded plastic from the mold; charac- 



terized in that: said step of cooling the molten mate- 
rial includes cooling the molten material by 
temperature adjusting means having different tem- 
peratures. 

5 

2. A method of molding a plastic as claimed in Claim 
1, characterized in that said step of cooling the mol- 
ten material includes cooling the molten material by 
a plurality of separate temperature adjusting means 

io (1 6a, 1 6b, 1 6c. 1 7a, 1 7b. 1 7c and 1 9) having differ- 
ent temperatures. 

3. A method of molding a plastic as claimed in Claim 
1, characterized in that said step of cooling the mol- 
ts ten material includes cooling the molten material by 

fluid flowing through a plurality of separate temper- 
ature adjusting channels (16a. 16b, 16c, 17a, 17b, 
17c) and by an electric heater (19). 

20 4. A method of molding a plastic as claimed in Claim 
1, characterized in that the temperature of the tem- 
perature adjusting means in the outer radius of the 
cavity is higher than in the inner radius of the cavity 
in one half of the mold and the temperature of the 
25 temperature adjusting means in the outer radius of 
the cavity is lower than in the inner radius of the 
cavity in the other half of the mold. 

5. A method of molding a plastic as claimed in Claim 
30 1 , characterized in that said step of cooling the mol- 
ten material includes cooling the molten material by 
a plurality of separate temperature adjusting means 
(16a, 16b, and 16c) provided in the radial direction 
of one half of the mold and the plurality of separate 

35 temperature adjusting means (17a, 17b and 17c) 
and additional temperature adjusting means (19) 
provided in the radial direction in the other half of 
the mold and the temperature of the temperature 
adjusting means (16a) in the outer radius of the 
40 cavity is higher than the temperature of the temper- 
ature adjusting means (16b and 16 c) in the inner 
radius of the cavity in the one half of the mold and 
the temperature of the temperature adjusting 
means (17a) in the outer radius of the cavity is 
45 lower than the temperature of the temperature 
adjusting means (17b and 17c) in the inner radius 
of the cavity in the other half of the mold and the 
temperature of the additional temperature adjusting 
means is also higher than the temperature of the 
so temperature adjusting means (17a) in the outer 
radius of the cavity in the other hald of the mold. 

6. An apparatus for molding a plastic comprising: 
mold means (3a, 3b, 5, 7) forming a cavity (15); 

55 injection means (9, 10) for injecting the molten 
material into the cavity (15); temperature adjusting 
means (16a, 16b. 16c, 17a, 17b, 17c and 19) for 
cooling the injected material; characterized by; said 
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temperature adjusting means have different tem- 
peratures. 

7. An apparatus for molding a plastic as claimed in 
Claim 6, characterized in that said temperature 5 
adjusting means include a plurality of separate tem- 
perature adjusting means having different tempera- 
tures. 

8. An apparatus for molding a plastic as claimed in i o 
Claim 6, characterized in that the temperature 
adjusting means includes fluid flowing through a 
plurality of separate temperature adjusting chan- 
nels (16a, 16b, 16c, 17a, 17b, 17c) and an electric 
heater (19). is 

9. An apparatus for molding a plastic as claimed in 
Claim 6, characterized in that the temperature of 
the temperature adjusting means (16a) in the outer 
radius of the cavity is higher than in the inner radius 20 
of the cavity in one half of the mold and the temper- 
ature of the temperature adjusting means (17a) in 
the outer radius of the cavity is lower than in the 
inner radius of the cavity in the other half of the 
mold. 25 

10. An apparatus for molding a plastic as claimed in 
Claim 1, characterized in that said temperature 
adjusting means include a plurality of separate tem- 
perature adjusting means (16a, 16b and 16c) pro- 30 
vided in the radial direction of one half of the mold 
and the plurality of separate temperature adjusting 
means (17a, 17b and 17c) and additional tempera- 
ture adjusting means (19) provided in the radial 
direction in the other half of the mold and the tern- 35 
perature of the temperature adjusting means (16a) 

in the outer radius of the cavity is higher than the 
temperature of the temperature adjusting means 
(16b and 16c) in the inner radius of the cavity in the 
one half of the mold and the temperature of the 40 
temperature adjusting means (17a) in the outer 
radius of the cavity is lower than the temperature of 
the temperature adjusting means (17b and 17c) in 
the inner radius of the cavity in the other half of the 
mold and the temperature of the additional temper- 45 
ature adjusting means is also higher than the tem- 
perature of the temperature adjusting means (17a) 
in the outer radius of the cavity in the other hald of 
the mold. 

50 

Amended claims in accordance with Rule 86(2) 
EPC. 

1. A method of molding a plastic comprising steps 
of: closing the mold (3a. 3b 5, and 7) to form a cav- 55 
rty (15); injecting molten material into the cavity 
(15); cooling the injected material, by a plurality of 
separate temperature adjusting means (16a, 16b, 



16c, 17a, 17b, 17c and 19) having different temper- 
atures, opening the mold; removing the molded 
plastic from the mold; characterized in that step of 
cooling the molten material includes cooling the 
molten material by fluid flowing through a plurality 
of separate temperature adjusting channels (16a, 
16b, 16c, 17a, 17b, 17c) and by an electric heater 
(19). 

2. A method of molding a plastic as claimed in 
Claim 1 , characterized in that the temperature of 
the temperature adjusting means in the outer radius 
of the cavity is higher than the inner radius of the 
cavity in one half of the mold and the temperature of 
the temperature adjusting means in the outer radius 
of the cavity is lower than in the inner radius of the 
cavity in the other half of the mold. 

3. A method of molding a plastic as claimed in 
Claim 1 , characterized in that said step of cooling 
the molten material includes cooling the molten 
material by a plurality of separate temperature 
adjusting means (16a, 16b and 16c) provided in the 
radial direction of one half of the mold and the plu- 
rality of separate temperature adjusting means 
(17a, 17b and 17c) and additional temperature 
adjusting means (19) provided in the radial direc- 
tion in the other half of the mold and the tempera- 
ture of the temperature adjusting means (16a) in 
the outer radius of the cavity is higher than the tem- 
perature of the temperature adjusting means (16b 
and 16c) in the inner radius of the cavity in the one 
half of the mold and the temperature of the temper- 
ature adjusting means (17a) in the outer radius of 
the cavity is lower than the temperature of the tem- 
perature adjusting means (1 7b and 1 7c) in the inner 
radius of the cavity in the other half of the mold and 
the temperature of the additional temperature 
adjusting means is also higher than the tempera- 
ture of the temperature adjusting means (17a) in 
the outer radius of the cavity in the other hald of the 
mold. 

4. An apparatus for molding a plastic comprising: 
mold means (3a, 3b, 5, 7) forming a cavity (15); 
injection means (9, 10) for injecting the molten 
material into the cavity (15); a plurality of separate 
temperature adjusting means having different tem- 
peratures (16a, 16b, 16c, 17a, 17b, 17c and 19) for 
cooling the injected material, characterized in that 
the temperature adjusting means includes fluid 
flowing through a plurality of separate temperature 
adjusting channels (16a, 16b, 16c, 17a, 17b, 17c) 
and an electric heater (19). 

5. An apparatus for molding a plastic as claimed in 
Claim 4, characterized in that the temperature of 
the temperature adjusting means (16a) in the outer 
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radius of the cavity is higher than in the inner radius 
of the cavity in one half of the mold and the temper- 
ature of the temperature adjusting means (17a) in 
the outer radius of the cavity is lower than in the 
inner radius of the cavity in the other half of the 5 
mold. 

6. An apparatus for molding a plastic as claimed in 
Claim 4, characterized in that said temperature 
adjusting means include a plurality of separate tern- 10 
perature adjusting means (16a, 16b and 16c) pro- 
vided in the radial direction of one half of the mold 
and the plurality of separate temperature adjusting 
means (17a, 17b and 17c) and additional tempera- 
ture adjusting means (19) provided in the radial 15 
direction in the other half of the mold and the tem- 
perature of the temperature adjusting means (16a) 
in the outer radius of the cavity is higher than the 
temperature of the temperature adjusting means 
(16b and 16c) in the inner radius of the cavity in the 20 
one half of the mold and the temperature of the 
temperature adjusting means (17a) in the outer 
radius of the cavity is lower than the temperature of 
the temperature adjusting means (17b and 17c) in 
the inner radius of the cavity in the other half of the 25 
mold and the temperature of the additional temper- 
ature adjusting means is also higher than the tem- 
perature of the temperature adjusting means (17a) 
in the outer radius of the cavity in the other hald of 
the mold. so 
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